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A facile and green method is described for the fabrication of PtPd alloy nanoparticles on graphene
nanosheets (PtPdNPs/GNs). The keys of the synthesis strategy were to employ a low-cost and green
solvent, ethanol, as the reductant, and a two-dimensional carbon material, GNs, as the supporting
material. The morphology, structure and composition of the as-prepared PtPdNPs/GNs were
characterized by transmission electron microscopy (TEM), high resolution TEM, energy-dispersive X-ray
spectroscopy and X-ray photoelectron spectroscopy. It was found that by changing the preparation
procedures and varying the molar ratio of the starting precursors, NPs with different shapes such as
spherical NPs (Pt1Pd1NPs), nanoflowers (Pd@PtNFs) and nanodentrites (Pt3Pd1NPs) could be produced on
GNs. Based on these observations, a plausible growth mechanism of PtPdNPs/GNs was discussed. In
addition, the electrocatalytic properties of PtPdNPs/GNs for direct ethanol oxidation in alkaline media
were systematically investigated. Due to the synergetic effects of Pt and Pd, and the enhanced electron
transfer properties enhanced of GNs, PtPdNPs/GNs exhibited higher electrocatalytic ability and better
tolerance to reaction intermediate poisoning in the electrooxidation of ethanol compared with Pt
nanoflowers supported on GNs (PtNFs/GNs), PdNPs/GNs and PtPdNPs supported on carbon black
(PtPdNPs/C). The presented method is a general, facile and green approach for the synthesis of GN-
supported bimetallic PtM electrocatalysts, which is significant for the development of high performance
electrocatalysts.Introduction
Recently, direct ethanol fuel cells (DEFCs) have drawn
increasing attention as a promising energy source due to the
low toxicity, low membrane permeability and high energy
density of ethanol.1,2 In the development of DEFC technology,
highly active electrocatalysts are important in order to
completely oxidize each ethanol molecule to CO2, which is
difficult to implement at low temperatures.3–5 As Pt-based alloys
(Pt-M) can enhance electrocatalytic activity due to the increased
number of d-band vacancies of Pt and a more favorable Pt–Pt
inter-atomic distance, they have been well studied and widely
used in DEFCs.6–8 In addition, in order to further improve the
activity of Pt-M catalysts and reduce the use of precious metals,
it is helpful to load Pt-M catalysts onto a low cost supportingiversity, Xiamen, 361021, China. E-mail:
0; Tel: +86 592 6181487
ntal Science, Xiamen University, Xiamen,
e School of Engineering, Kyoto University,
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hemistry 2014nanomaterial with high surface area and good electrical
conductivity. As a newly developed two-dimensional (2-D)
carbon support, GNs have attracted considerable interest due to
their outstanding physical and chemical properties.9–11 There
have beenmany examples of Pt-M/GNs hybrids demonstrated to
date.12–14 In order to avoid the aggregation of nanoparticles
(NPs) on GNs, most of these studies have relied on using
specic capping agents to stabilize NPs. However, the presence
of these agents around NPs leads to a decrease of active sites,
which severely limits their chemical activity. Therefore, it is
important to develop surfactant-free methods to synthesize
Pt-M/GNs hybrids.
Studies based on rst-principles calculations suggested that
some metal atoms could bind strongly to GNs because more
interaction states and transmission channels are generated
between them.15–17 Recently, several studies have focused on
using GNs directly as a stabilizer for anchoring NPs.18–21 Kundu
et al. demonstrated a microwave irradiation method for the
formation of GN-supported PtNPs via the co-reduction of gra-
phene oxide (GO) and H2PtCl6 in ethylene glycol.18 In this study,
the presence of defect sites on GNs served as anchor points for
the heterogeneous nucleation of PtNPs. Qian et al. developed a
solvothermal process to deposit metal oxide19 and Pt-MNPs20 on
GNs. For these syntheses, special instruments such as aJ. Mater. Chem. A, 2014, 2, 315–320 | 315













































View Article Onlinemicrowave oven or autoclave are necessary. Moreover, the
reactions usually operate under high temperature and take a
long time. In contrast to these studies, our previous work
revealed that Pt nanoowers (PtNFs) could be produced on GNs
using mild reaction conditions with ethanol as a reductant.21
This provided evidence that ethanol had a moderate reducing
capability, and it might also function in the preparation of Pt-M
alloys on GNs.
In the present paper, we report a green, one-pot and
surfactant-free approach to fabricate PtPdNPs on GNs
(PtPdNPs/GNs) using a low-cost and readily accessible solvent,
ethanol, as a reductant, and GNs, as a supporting material for
depositing PtPdNPs. Moreover, GNs were helpful for increasing
the electrochemical active surface area (ECSA) and effectively
accelerating electron transfer during the ethanol oxidation
reaction (EOR). The electrocatalytic properties of PtNFs/GNs,
PdNPs/GNs, PtPdNPs/C and PtPdNPs/GNs towards EOR were
compared. Based on these results, the PtPdNPs/GNs hybrids
showed a higher electrocatalytic activity and better tolerance
towards intermediate poisoning than the other three catalysts,
which may provide an insightful way to develop advanced
electrocatalysts for fuel cell applications.Experimental section
Materials
K2PdCl4 and K2PtCl4 were purchased from Wako Pure Chem-
icals, Co. Ltd. Graphite powder, Vulcan XC-72R carbon black
and 5% Naon ethanol solution was from Aldrich Chem Co.
Glassy carbon disk electrodes (GCEs) were obtained from BAS
Co. Ltd. All other reagents were of analytical grade and used
without further purication. The pure water used for solution
preparation was from a Millipore Autopure WR600A system.Instrumentation
The morphologies and crystal structures of the products were
observed using transmission electron microscopy (TEM) and
high-resolution TEM (HRTEM), which were conducted with a
TECNAI F-30 TEM using an accelerating voltage of 300 kV.
Energy dispersive X-ray spectroscopy (EDX) analysis and high-
angle annular dark-eld scanning TEM (HAADF-STEM) were
used to identify the elemental composition of the complexes. All
of the TEM samples were prepared by depositing a drop of
suspended product diluted in water onto a copper grid coated
with carbon lm. The electronic binding energies of PtPdNPs/
GNs were measured using X-ray photoelectron spectroscopy
(XPS) analysis, which was conducted with a PHI Quantum 2000
Scanning ESCA Microprobe equipped with a monochromatised
microfocused Al X-ray source. All of the binding energies were
calibrated using C1s as a reference energy (C1s ¼ 284.6 eV). The
phases of the as-prepared products were determined by means
of the powder X-ray diffraction (XRD) pattern, recorded with a
PANalytical X-pert diffractometer using Cu Ka radiation. Elec-
trochemical measurements were performed with an Autolab
PGSTAT 128N workstation using a catalyst-modied GCE elec-
trode as a working electrode, a Pt wire auxiliary electrode and an316 | J. Mater. Chem. A, 2014, 2, 315–320Ag/AgCl reference electrode. All of the potentials reported in
this paper are versus Ag/AgCl.Procedures
GO was prepared according to a modied Hummer’s
method.22,23 For the reduction of GO, 20mg GO was dispersed in
100 mL water with the aid of ultra-sonication, resulting in a
yellow-brown aqueous solution. GNs were prepared by heating
the GO aqueous solution in an oil bath at 95 C for 24 h.24 The
color gradually changed to dark brown during heating.
In a typical synthesis of PtPdNPs/GNs, a homogeneous GN
suspension (1 mL; 0.2 mg mL1) and aqueous solutions of
K2PdCl4 (0.25 mL; 10 mM) and K2PtCl4 (0.25 mL; 10 mM) were
mixed with ethanol (1.5 mL) in a vial under vigorous stirring for
60 min at room temperature. The product was then centrifuged
and washed to remove the remaining reagents.
For comparison purposes, other four kinds of catalyst, (1)
PtNFs/GNs, (2) PdNPs/GNs, (3) PtPdNPs/C and (4) Pt3Pd1NPs/
GNs, were also prepared using the same method. The starting
materials were: (1) a homogeneous GN suspension (1 mL;
0.2 mg mL1), an aqueous solution of K2PtCl4 (0.5 mL; 10 mM)
and ethanol (1.5 mL) for PtNFs/GNs; (2) a homogeneous GN
suspension (1 mL; 0.2 mg mL1), an aqueous solution of
K2PdCl4 (0.5 mL; 10 mM) and ethanol (1.5 mL) for PdNPs/GNs;
(3) a carbon black suspension (1 mL; 0.2 mg mL1), aqueous
solutions of K2PdCl4 (0.25 mL; 10 mM) and K2PtCl4 (0.25 mL;
10 mM), and ethanol (1.5 mL) for PtPdNPs/C; (4) a homoge-
neous GN suspension (1 mL; 0.2 mg mL1), aqueous solutions
of K2PdCl4 (0.125 mL; 10 mM) and K2PtCl4 (0.375 mL; 10 mM),
and ethanol (1.5 mL) for Pt3Pd1NPs/GNs. In addition, it should
be mentioned that the stirring time for (1) and (2) was 30 min,
while for (3) and (4) it was 60 min.
Furthermore, in order to understand the growth mechanism
of this synthesis, Pd@PtNFs/GNs was prepared using an altered
preparation procedure, i.e., a homogeneous GN suspension
(1 mL; 0.2 mg mL1) and an aqueous solution of K2PtCl4
(0.25 mL; 10 mM) were mixed with ethanol (1.5 mL) under
stirring for 30 min, and then an aqueous solution of K2PdCl4
(0.25 mL; 10 mM) was added and the mixture was le stirring
for another 30 min.
Before modication with a catalyst, each GCE was sequen-
tially polished with 1 mmdiamond powder and 0.05 mm a-Al2O3.
To modify the GCE surface with an as-synthesized catalyst,
20 mL of the suspension of a product was mixed with 20 mL 0.5%
Naon ethanol solution, and then 10 mL of the resulting mixture
was dispersed onto a polished GCE and dried in the open air for
4 h at room temperature.Results and discussion
Characterization of PtPdNPs/GNs
In our previous studies, we discovered that ultrane PdNPs can
be well-dispersed onto the surface of GO via the redox reaction
between PdCl4
2 and GO.25 Though the same reaction, i.e., that
between PtCl4
2 and GO, is not suitable for preparing PtNPs,
aer the addition of a small amount of ethanol, PtNFs could beThis journal is © The Royal Society of Chemistry 2014
Fig. 2 (A) An EDX spectrum of PtPdNPs/GNs. The inset table shows
the elemental composition based on EDX measurements. (B) An XRD
pattern of the as-synthesized PtPdNPs/GNs. The vertical lines at the
base of the XRD pattern represent the ideal diffractions of bulk Pt
(green) and Pd (pink) from their JCPDS data. (C and D) XPS spectra of
(C) Pt 4f and (D) Pd 3d of PtPdNPs/GNs.













































View Article Onlineprepared on GNs.21 This gave us an indication that it was
possible to obtain nanomaterials with core–shell or alloy
structures on GNs by reducing two different metal precursors
with ethanol. Fig. 1A–C show representative TEM images of
PtPdNPs/GNs at different magnications. The low-magnica-
tion TEM image (Fig. 1A) shows that all of the PtPdNPs are
distributed on the surface of the GNs. The absence of isolated
PtPdNPs in the products implies that there is a strong interac-
tion between GNs and PtPdNPs. Fig. 1B shows that the average
diameter of the PtPdNPs is about 7.6 nm. The HRTEM image in
Fig. 1C indicates that two kinds of lattice fringe directions
attributed to (111) and (200) could be observed for PtPdNPs/
GNs. The inter-planar spacings are 0.221 and 0.192 nm,
respectively, which agree well with the (111) and (200) lattice
spacings of face-centered-cubic (fcc) Pt and Pd. The elemental
distribution of PtPdNPs/GNs was determined using a HAADF-
STEM technique. Fig. 1D–F show representative STEM images
of PtPdNPs/GNs along with the corresponding elemental maps
for Pt and Pd. It is obvious that there is a homogeneous
distribution of both Pt and Pd in each NP, suggesting the
formation of a PtPd alloy.
PtPdNPs/GNs was further characterized with EDX, XRD and
XPS measurements. Fig. 2A shows a typical EDX analysis of the
prepared PtPdNPs/GNs, in which obvious Pt and Pd peaks could
be observed, suggesting that PtPdNPs were successfully
attached to the surface of GNs. In addition, the atomic
percentages of Pt and Pd were 3.47 and 3.33, which is close to
the theoretical composition of 1 : 1, suggesting an effective
deposition of both Pt and Pd on GNs. An XRD pattern of
PtPdNPs is shown in Fig. 2B. The relatively broad diffraction
peak observed at 2q ¼ 24.5 corresponds to the (002) plane of
GNs. The four strong diffraction peaks at 2q ¼ 40.0, 46.5,
68.1, and 81.9 can be assigned to the (111), (200), (220) and
(311) crystalline planes of PtPdNPs, respectively. Compared to
the JCPDS data of bulk Pt (65-2868) and Pd (46-1043), these four
diffraction peaks are located between the corresponding peaks
positions of both bulk Pt and Pd, which strongly indicates the
formation of a PtPd alloy. It is well-known that peak broadening
is consistent with the nanoscale structural features of NPs. TheFig. 1 (A and B) Representative TEM and (C) HRTEM images of
PtPdNPs/GNs. (D) HAADF-STEM characterization of PtPdNPs/GNs and
elemental mapping of (E) Pd and (F) Pt.
This journal is © The Royal Society of Chemistry 2014mean size of NPs can be calculated using the Scherrer formula
from the peak width at half-maximum. The calculated value
obtained from the width of the (111) peak is 7.9 nm for
PtPdNPs, which is in good agreement with the value measured
from the TEM images. Fig. 2C and D show the XPS spectra of the
Pt 4f and Pd 3d regions. The binding energies of 71.1 eV
(Fig. 2C) and 335.0 eV (Fig. 2D) correspond to the 4f7/2 compo-
nent of metallic Pt (0) and 3d5/2 component of metallic Pd (0),
respectively. Compared to the standard binding energy peak
values of Pd (0) and Pt (0), these values are shied to lower
binding energies, suggesting that electrons are transferred to Pd
and Pt. Due to the large p–p conjugation of GNs, it can be
reasonably deduced that these electrons originate from GNs,
which is evidence of an interaction between PtPdNPs and GNs.
To prove the universal applicability of this method, several
syntheses were carried out. Firstly, we changed the preparation
steps. In contrast to the synthesis of PtPdNPs/GNs, GNs, PtCl4
2
and ethanol were rst mixed and stirred for 30 min, and then
K2PdCl4 was added and the mixture was stirred for another 30
min. In the rst step, PtNFs were produced on GNs. As shown in
Fig. 3A–C, all of the PtNFs were uniformly distributed on GNs.
Aer addition of the Pd precursor, Pd was produced by reduc-
tion using the remaining ethanol. Fig. 3D–F show the
morphologies of the obtained composites. It is clear that all of
the NPs are spherical, and most exhibit an inhomogeneous
electron density with a dark nanoower core coating a light
shell, which veries that Pd was fabricated on the surface of
PtNFs to form a special core–shell structure (Pd@PtNFs). Next,
we changed themolar ratio of the Pt and Pd precursors. Fig. 3G–
I show TEM images of Pt3Pd1NPs/GNs. Notably, the density of
NPs was lower compared with Fig. 1, owing to the decrease of Pd
seeds used during the preparation. Moreover, it is interesting
that Pt nano-branches began to emerge, which could probablyJ. Mater. Chem. A, 2014, 2, 315–320 | 317
Fig. 3 Representative TEM images of (A–C) PtNFs/GNs, (D–F)
Pd@PtNFs/GNs and (G–I) Pt3Pd1NPs/GNs.













































View Article Onlinebe attributed to the fast reduction and epitaxial growth of Pt
mediated by the Pd seeds. These results reveal that, in the
presence of ethanol, the morphologies of bimetallic NPs could
be easily tuned by changing the preparation steps and varying
the molar ratio of the starting precursors. Therefore, the
proposedmethod should be useful for preparing different kinds
of PtPdNPs.
Based on the above results and previous literature concern-
ing the growth mechanism of NPs,26–28 plausible growth
processes for PtPdNPs/GNs and Pd@PtNFs/GNs have been
proposed, as shown in Scheme 1. Aer the thermal reduction of
GO, GNs serve as a good supporting material for the deposition
of metal nuclei and offer a strong binding ability that allows
them to stabilize NPs. This hypothesis was strongly supported
by the result that no isolated PtPdNPs or Pd@PtNFs were
observed in the TEM images (Fig. 1 and 3). For the formation of
PtPdNPs/GNs, since bimetallic PtPdNPs were eventually
prepared, as veried in Fig. 1D–F, the reductions of PtCl4
2 and
PdCl4
2 by ethanol should proceed concurrently. However,
judging from our previous results,21,25 it is reasonable to assume
that the reduction of PdCl4
2 occurs more easily than that of
PtCl4
2. This also agrees with their reduction potentials. Thus,
it can be inferred that the initial formation of small PdNP nucleiScheme 1 The proposed growth process of PtPdNPs on GNs.
318 | J. Mater. Chem. A, 2014, 2, 315–320on GNs, similar to the previous reaction with GO,25 is a key
factor for the dispersion, formation and growth of PtPdNPs on
GNs. Based on these observations, we believe that the process is
composed of two stages, i.e., the initial formation of Pd nuclei,
then the co-reduction and growth of PtPdNPs on GNs.Electrochemical evaluation of PtPdNPs/GNs and the other
catalysts
The typical electrochemical properties of the catalysts were
derived from cyclic voltammetry (CV) recorded in 0.5 M H2SO4
and 1.0 M NaOH at a scan rate of 50 mV s1. As shown in
Fig. S2,† around the H+ related redox region, CVs recorded
using a PtNFs/GNs-modied GCE exhibited the typical charac-
teristics of a polycrystalline Pt electrode. In contrast, Pd-con-
taining PdNPs/GNs, PtPdNPs/GNs and PtPdNPs/C
demonstrated different electrochemical responses in this
region, as shown in Fig. S2.† In the potential region from
0.2 to 0.1 V, due to the introduction of Pd, it was found that
the typical peaks corresponding to the different crystal faces of
Pt disappeared and a new feature with one broad peak was
observed. Fig. 4 shows CVs of the composites in 1.0 M NaOH.
The anodic peaks between 0.8 and 0.55 V originate from the
desorption of atomic hydrogen from the catalysts. For PdNPs/
GNs, the hydrogen region was somewhat suppressed due to the
penetration of large quantities of hydrogen in Pd.29,30 On the
other hand, for the other catalysts containing Pt, the hydrogen
region became more prominent, as shown in Fig. 4. The ECSAs
of the catalysts were determined by measuring their Coulomb
electric charges under hydrogen desorption (QH). The results of
our calculations indicate that the ECSA of PtPdNPs/GNs
(0.54 cm2) was much larger than the value obtained for PdNPs/
GNs (0.17 cm2) and moderately larger than PtNFs/GNs
(0.25 cm2) and PtPdNPs/C (0.23 cm2), reecting the possible
existence of more active reaction centers in PtPdNPs/GNs. In
addition, in order to further understand the reasons why the
ECSAs for these composites are different, the PtNFs/GNs,
PdNPs/GNs, PtPdNPs/C and PtPdNPs/GNs were characterizedFig. 4 CVs of PtNFs/GNs (blue line), PdNPs/GNs (green line), PtPdNPs/
C (black line) and PtPdNPs/GNs (red line) at 50 mV s1 in 1.0 M NaOH.
This journal is © The Royal Society of Chemistry 2014













































View Article Onlineusing XRD measurements (Fig. S1†). The mean size of NPs can
be calculated using the Scherrer formula: D ¼ 0.9l/(B cos q),
where l is the wavelength of the X-rays (1.54056 Å), q is the angle
at the maximum of the peak, and B is the peak width at half-
maximum. The calculated values obtained from the width of the
(111) peak are 7.9 nm for PtPdNPs on GNs, 10.2 nm for PtPdNPs
on carbon black, 17.3 nm for PdNPs on GNs and 20.4 nm for
PtNFs on GNs. Since NPs with smaller sizes may have a higher
surface areas, this indicates that the surface area should
increase in the order PtNFs/GNs < PdNPs/GNs < PtPdNPs/C <
PtPdNPs/GNs. According to the results of the ECSA measure-
ments for PdNPs/GNs, PtPdNPs/C and PtPdNPs/GNs, there is an
increase with the decrease in NP size. However, for PtNFs/GNs,
because there are many pores in the nanoower structures, the
surface area of the PtNFs/GNs was greatly increased and the
ECSA of PtNFs/GNs was larger than those of PdNPs/GNs and
PtPdNPs/C. Therefore, according to the CV results, the ECSAs of
the composites are in the order PdNPs/GNs < PtPdNPs/C <
PtNFs/GNs < PtPdNPs/GNs.
In order to investigate the electrocatalytic performance of the
prepared catalysts, the ethanol oxidation reaction (EOR) was
observed for themodied GCEs. Fig. 5A shows the CV results for
EOR with PtNFs/GNs, PdNPs/GNs, PtPdNPs/C and PtPdNPs/
GNs at 50 mV s1 in 1.0 M NaOH containing 1.0 M ethanol. In
all of the CVs, two strong anodic peaks were observed in the
positive going scan and the reversed negative going scan, which
are well-known to reect the electrooxidation of ethanol and the
intermediate carbonaceous species, respectively. By comparingFig. 5 (A) CVs of PtNFs/GNs (blue line), PdNPs/GNs (green line),
PtPdNPs/C (black line) and PtPdNPs/GNs (red line) at 50 mV s1 in
1.0 M NaOH containing 1.0 M ethanol. (B) Chronoamperometric
curves recorded at 0.20 V (vs. Ag/AgCl) for the four catalysts in 1.0 M
NaOH containing 1.0 M ethanol.
This journal is © The Royal Society of Chemistry 2014the CVs, it is obvious that PtPdNPs/GNs demonstrates better
electrochemical activity than the other catalysts judging from
the highest peak current density and the negative onset
potential for ethanol oxidation. More explicitly, the onset
potential for ethanol oxidation with PtPdNPs/GNs was 0.64 V,
which is 10, 70, and 90 mV more negative to those observed for
PtNFs/GNs (0.63 V), PdNPs/GNs (0.57 V), and PtPdNPs/C
(0.55 V), respectively. The negative shi of the onset anodic
potential indicates that ethanol is more easily oxidized by
PtPdNPs/GNs. The observed ethanol oxidation peaks were at
0.24 V in the positive going scan and at0.33 V in the reversed
negative going scan, with the magnitude of the forward anodic
peak current being proportional to the reaction activity for the
ethanol oxidation. As shown in Fig. 5A, the peak current density
of the PtPdNPs/GNs was 22.4 mA cm2, which is approximately
2.5, 3.0 and 1.6 times higher than PtNFs/GNs (9.1 mA cm2),
PdNPs/GNs (7.5 mA cm2) and PtPdNPs/C (14.2 mA cm2),
respectively. These results indicate that the PtPdNPs/GNs have a
large number of active sites available for ethanol oxidation,
which is consistent with the results of ECSAs mentioned above.
Furthermore, in order to measure the tolerance of the cata-
lysts in EOR, chronoamperometric measurements were per-
formed in 1.0 M NaOH containing 1.0 M ethanol. Fig. 5B shows
current–time curves for ethanol oxidation measured at a xed
potential of 0.25 V for all of the modied electrodes. The
polarization current for EOR showed a rapid decay during the
initial period because of the poisoning of the intermediate
species. The PtPdNPs/GNs modied electrode exhibited a
higher initial current and a much slower current decay
compared with the PtNFs/GNs, PdNPs/GNs and PtPdNPs/C
modied electrodes. At the end of the 1000 s test, the oxidation
current on PtPdNPs/GNs was still considerably higher than the
others, further conrming the relatively better tolerance of the
intermediate species and higher catalytic activity of PtPdNPs/
GNs toward EOR.
All of the data suggest that PtPdNPs/GNs exhibits an
enhanced catalytic activity and good stability for EOR. The
superior electrocatalytic performance of the proposed material
can be attributed to three factors: (i) the remaining oxygenated
groups of GNs are helpful for removing CO from the surfaces of
PtPdNPs;31,32 (ii) the electronic structure of the Pt atoms modi-
ed by the Pd atoms is benecial due to the increase of Pt
d-band vacancies and the more favorable Pt–Pt interatomic
distance;33 (iii) compared to Pt, Pd is a relatively oxophilic metal,
therefore, it can act as a promoter for the oxidative removal of
CO on the Pt surface by available oxygen-containing species
formed on neighboring secondary metal particles.34
Conclusions
In conclusion, we have presented a facile, green and surfactant-
free strategy to deposit PtPdNPs on GNs. By changing the
preparation steps and varying the molar ratio of the starting
precursors, PtPdNPs with different shapes such as spherical
(Pt1Pd1NPs), nanoowers (Pd@PtNFs) and nanodentrites
(Pt3Pd1NPs) can be produced on GNs. The formation of
PtPdNPs/GNs occurs in two stages: the initial formation of PdJ. Mater. Chem. A, 2014, 2, 315–320 | 319













































View Article Onlinenuclei followed by the further co-reduction and growth of
PtPdNPs on GNs. Due to its clean surfaces, the synergetic effects
between Pt and Pd, and the enhanced electron transfer of GNs,
PtPdNPs/GNs exhibit distinctly superior electrocatalytic activity
for ethanol oxidation with a lower onset potential, higher peak
current density and better tolerance of the intermediate species
compared to PtNFs/GNs, PdNPs/GNs and PtPdNPs/C. This
work reveals that ethanol is really useful for reducing metal
precursors under mild reaction conditions. We expect this
fundamental research will inspire the rational design of carbon-
supported catalysts, which will denitely contribute to the eld
of fuel cells and other related elds.Acknowledgements
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